More than simply "complementing" innate immune responses, complement proteins play a role in cellular turnover, growth and regeneration. Moreover, activated complement proteins have been shown to mediate antineoplastic effects by promoting complement-dependent cytotoxicity (CDC) as well as antibodydependent cell-mediated cytotoxicity (ADCC). Yet, a growing body of evidence suggests a dichotomic role for the complement system in tumorigenesis. In fact, the complement anaphylatoxins C3a and C5a have been shown to promote the overexpression of potentially oncogenic proteins such as phosphoniositide-3-kinase (PI3K), AKT1 and mammalian target of rapamycin (mTOR). 1 Moreover, overexpression of CD59, a membrane-bound regulator of the complement system found on various cancer cells including mouse B16 melanoma cells, protects malignant cells from CDC, hence promoting tumor growth in vivo and decreasing survival of tumorbearing animals. 2 Natural killer (NK) cells, granulocytic lymphocytes belonging to the innate immune system, are important effectors of cancer immunosurveillance. As they express IgG low affinity receptors (FcγRs), NK cells interact with antigen-bound immunoglobulins, hence becoming activated and producing proinflammatory cytokines.
3 NK cells mediate cancer immunosurveillance by killing MHC class I-deficient cells, which cannot be recognized by T lymphocytes, and by limiting the metastatic dissemination of malignant cells. 4 Furthermore, NK cells can crosstalk with dendritic cells (DCs) resulting not only in their own activation but also in DC maturation. 5 Although a number of studies have explored the function of the complement system in various pathophysiological settings, its impact on oncogenesis and tumor progression remains unclear. We have recently set out to investigate the role of the complement system in a mouse model of melanoma, finding that transient decomplementation at the time of T-cell priming with cobra venom factor (CVF) allows for the development of a robust antitumor CD8 + T-cell response that efficiently limits disease progression. This was accompanied by the accumulation of NK cells within the tumor and spleen, and NK cells proved to be essential for the enhancement of antitumor T-cell responses observed upon decomplementation. 6 Several mechanisms might explain this phenomenon. On one hand, complement proteins are known to promote the secretion of transforming growth factor β1 (TGFβ1), which facilitates angiogenesis, invasion and metastasis, as well as to limit the expression of the β chain the interleukin-2 (IL-2) receptor and the secretion of interferon γ (IFNγ) by NK cells. 7 It has also been shown that the induction of complement component 5a receptor 1 (C5AR1) signaling in Toll-like receptor (TLR)-activated macrophages selectively inhibits the transcription of genes that encode IL-2 family cytokines. These cytokines play an important role in the activation and differentiation of distinct subsets of T cells as well as of NK cells. On the other hand, the clearance of apoptotic cells upon iC3b opsonization, which promotes phagocytosis upon binding to complement component 3 receptor (C3R), can be accompanied by the downregulation of co-stimulatory molecules and impaired DC maturation. 8 The recruitment of large numbers of NK cells may be critical for the optimal activation of DCs and the ensuing induction of T-cell responses in these poorly inflammatory conditions. NK-cell activation can occur upon the direct recognition of target cells harboring aberrant self molecules, eventually resulting in DC maturation. In our study, we observed enhanced tumor-specific cytotoxic The role of the complement system in oncogenesis and tumor progression remains poorly understood. we have recently demonstrated that the induction of a tumor-specific CD8 + T-cell response is improved upon transient inhibition of the complement system, which is coupled to an increased availability of natural killer cells. The complement system may therefore turn out to constitute a promising target for the development of novel anticancer therapeutics.
T lymphocyte (CTL) responses in CVFtreated vs. untreated animals in the absence of significant improvements in DC maturation. 6 It is therefore likely that functional DCs have access to increased amounts of tumor-associated antigens (TAAs) in decomplemented mice owing to an improved cytotoxic activity of NK cells, eventually resulting in the elicitation of superior CTL responses.
Another important mechanism used by malignancies to suppress TAA-targeting immune responses is the stimulation of abnormal myelopoiesis and the recruitment of myeloid-derived suppressor cells (MDSCs) expressing high levels of C5AR1 to the tumor microenvironment.
9,10 The binding of C5a to C5AR1 on MDSCs promotes their migration and accumulation in the tumor vasculature. 10 MDSCs produce immunosuppressive molecules including reactive oxygen and nitrogen species, hence inhibiting cytotoxic CD8 + T lymphocytes as well as NK cells while stimulating the production of mitogenic and pro-angiogenic factors. 10 Our results were obtained in a single experimental model. They should therefore be taken with caution, as their extrapolation to other malignancies may not be possible given the properties of the complement system and other tumor types. Nevertheless, we have identified a previously unrecognized function for the complement system in oncogenesis. We demonstrated that complement proteins and NK cells interact to influence tumor growth by limiting the accumulation of tumor-specific CTLs.
Furthermore, complement proteins can promote tumor infiltration by MDSCs, which suppress NK-and T-cell functions (Fig. 1) . This said, the exact complement proteins involved in this process, how they functionally interact with NK cells as well as the potential mechanisms underlying the observed NK cell-CD8 + T-cell crosstalk still need to be elucidated. It will be of great interest to test other inhibitors of complement proteins in various tumor models to determine whether this novel mechanism is generally applicable. Further investigation into the interaction between complement proteins and NK cells is warranted to assist the development of novel therapeutic strategies against cancer.
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